Oxford THE function of the lungs depends partly on their bellows action producing an adequate ventilation of the alveoli and partly on the ability of the lungs to transfer oxygen from the alveoli into the blood and CO2 from the blood into the alveoli. This transfer occurs solely by diffusion and the gas with whose diffusion we are most concerned is 02. The diffusing capacity of the normal resting lung is sufficient to supply about three times the normal resting 02 uptake but this capacity has to increase in order to deal with the 02 uptake required by even moderate exercise. Thus the reserve of the diffusing capacity for 02 is small and if the diffusing capacity is impaired by disease respiratory failure may occur. CO2 on the other hand diffuses over twenty times more rapidly than 02 SO that the elimination of CO2 is never limited by diffusion, and CO2 retention, when it occurs, is due to inefficient ventilation, not to impaired diffusion.
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The diffusing capacity of the lungs for a gas is defined as the millilitres of that gas which can be transferred from the alveoli into the blood, per minute per mm.Hg pressure difference between the alveoli and the blood. The resistance to this diffusion is provided by the alveolar membrane which is normally less than 2 5,t thick and consists of the alveolar epithelium, a complex basement membrane and the capillary epithelium. The ease with which gas passes through this membrane, that is, its diffusing capacity, depends on the thickness of the membrane and the actual surface area separating the air and the blood. Any increase in thickness of the membrane or reduction in size such as would be produced by a reduction in the number of functioning alveoli or capillaries, will reduce the diffusing capacity.
The ideal measurement of diffusion to make is the diffusing capacity for 02 but this method presents a number of technical difficulties. CO behaves similarly to 02 in its uptake by the blood and many measurements of diffusing capacity are now made using small concentrations of CO which can be measured very conveniently with an infra-red gas analyser.
There are several differences in the behaviour of 02 and CO which are of importance.
First, CO is less soluble than 02 in body fluids and the molecule is slightly smaller; the net result is that 02 diffuses 1 l23 times more rapidly through membranes than does CO (Fig. 1 Secondly, the rate of combination of 02 and haemoglobin is three times faster than that of CO and hlamoglobin, but carboxyhemoglobin breaks down very much more slowly than oxyhaemoglobin so that the carboxyhemoglobin, once formed, exerts a negligible back pressure of CO in the plasma. In calculating the diffusing capacity for CO, the capillary tension is taken as zero and the uptake divided by the alveolar tension gives the diffusing capacity. It is this ability to neglect the pressure of CO in the red cells that makes the calculation of the diffusing capacity for CO so easy and which has led to its widespread use. Forster, Roughton and others have been able to show that in normal subjects only about 50% of the resistance to the transfer of CO is due to diffusion through the membrane and the other 50 % is produced by the slow rate of combination of CO with hiemoglobin. Thus the diffusing capacity normally measured with CO is not only a measure of diffusion through the membrane; it includes this extra resistance. The diffusing capacity for oxygen also is not simply the diffusing capacity across the membrane. The proportions of the total resistance to diffusion offered by the membrane and by the red cells cannot be measured as in the case of CO but 02 passes through the membrane 1 23 times more easily than CO and is taken up by the red cells three times more rapidly. Thus, if the resistance of the membrane is 50% and the resistance of uptake into the red cells is 50% of the total resistance to CO diffusion, then the corresponding proportions for 02 would be 70 % in the membrane and 30 % in the uptake by the red cells.
METHODS OF MEASURING THE DIFFUSING CAPACITY
(1) The diffusing capacity for oxygen (DO2).-The factors to be measured are illustrated in Fig. 1 . Although the alveolar gas is not usually uniform the mean alveolar oxygen tension can be calculated indirectly. The mean pulmonary capillary 02 tension has to be calculated by Bohr's integration procedure from the mean alveolar 02 tension, the 02 tension at the beginning of the capillary, the tension at the end of the capillary and the oxyhemoglobin dissociation curve. The tension at the beginning of the capillary can be estimated but the tension at the end cannot be measured because, before the blood can be sampled in the artery, venous blood may be mixed with it and this will produce a considerable fall of tension when the subject is breathing air. By breathing a low 02 mixture this effect of venous admixture can be minimized and also the tension gradient between the alveoli and the end of the capillary is increased and the error of measurement is reduced. Thus measurement of DO2 requires arterial blood and gas samples to be collected when the patient is breathing air and when breathing a low 02 mixture. The tension of 02 and CO2 in the arterial blood have to be measured by the microtonometer technique developed by Riley-a technique which requires considerable practice and dexterity.
If the measurements are made on exercise it is found that the DO2 reaches a maximal value at an 02 uptake of about 1 litre per minute and this maximal DO2 is considered to be of more value clinically than the resting DO2 since at rest only a part of the lung's diffusing capacity for 02 is being measured. The disadvantages of this method of measuring the diffusing capacity are that it takes a considerable time, the techniques are not easy and the need for an arterial puncture makes the method unsuitable for repeated use on patients. It is for these reasons that measurement of the diffusing capacity for CO has become popular.
(2) The diffusing capacity for carbon monoxide (Dco).-Two types of method are used, the single breath method and the steady state methods.
(a) The single breath method: This was first used by Krogh in 1915 and the technique has recently been improved by Ogilvie and others (1957) . The subject breathes out as far as possible and then takes a deep breath of a mixture containing about 0-15 % CO, 10% helium and 20% 02; the remainder being nitrogen. The subject holds the breath for 10 seconds and then expires rapidly. The first few hundred millilitres of expired air are discarded and the remainder collected and analysed for CO and helium. The helium, which is not absorbed in the lungs, acts as a marker gas and makes it possible to calculate the initial concentration of CO in the lungs. The Dco during breath holding can be calculated from the alveolar volume and from the initial and final concentrations of CO in the lungs. This method is very simple and quick to carry out, it gives repeatable values and it does not require arterial puncture. Measurements on patients can be made only at rest.
(b) Steady state methods: The uptake of CO over a given time is measured as the difference in the amount of CO inspired and that expired: the uptake per minute, divided by the mean alveolar tension of CO, gives the Dco. Two methods have been devised and they differ in the ways by which the mean alveolar tension of CO is obtained. One method, described by Bates et al. (1955) , uses the concentration of CO in the end tidal sample as a measure of the mean alveolar CO. This method is valid in normal subjects but it is not valid in patients, such as emphysema patients, who have unequal mixing of gas in the lungs. Experiments were carried out in which subjects breathed air containing a small amount of CO for several minutes until they were in a steady state. End tidal samples were taken during several breaths and then, at the end of a normal inspiration, the subject expired fully into a tube of 1 in. bore and 16 ft. long in which the air was trapped and samples taken at intervals.
In normal subjects the concentration of CO in the samples at aifferent parts of the tube, when corrected for the time of expiration, was uniform and was the same as that of the end tidal sample. In patients with emphysema, on the other hand, the farther the subject expired the lower the concentration of CO. The end tidal sample is higher than the mean alveolar CO and if it is used for calculation of the Dco, it will give falsely low values.
The other steady state method is that described by Filley et al. (1954) . The mean alveolar tension of CO is calculated by assuming that the dead space for CO is the same as that for CO2 and the CO2 dead space can be calculated if the CO2 tension in the expired air and the arterial CO2 tension are known. This method, as originally described, requires an arterial puncture. In a modified method the arterial CO2 tension is calculated from the mixed venous CO2 tension, this being obtained by rebreathing a gas mixture containing approximately the same tension of CO2 as that expected in the venous blood. This modification avoids the arterial puncture but it can be used only for measurements at rest. COMPARISON OF METHODS OF MEASURING THE Dco In normal subjects different ranges of values have been reported when using different methods of measuring the Dco and in patients with emphysema the steady state method using end tidal samples gives uniformly low results. With the single breath method about half the emphysema patients studied have a normal Dco. Some experiments were carried out to investigate these differences. The single breath method is usually carried out at full inspiration and this gives higher values than if the measurements are made at smaller lung volumes. In a series of normal subjects the steady state method gave values similar to those of the single breath method when the breath was held at about the functional residual capacity.
A series of patients with emphysema were investigated by the single breath method; some patients had normal and some had low Dco values. By the steady state method using end tidal samples aU these patients had a low Dco. The results obtained by the modified Filley's method agreed fairly well with the single breath method when allowance was made for the smaller lung volume at which the measurements were made. The single breath and Filley's methods correct for uneven distribution of gas in the lung and the diffusing capacities of different parts of the lung affect the result equally, irrespective of whether they are underor over-ventilated during normal breathing. If a part of the lung is poorly ventilated it will be able to take little part in gas exchange even though its diffusing capacity, as measured by these methods, is normal. The diffusing capacity of the lung measured using end tidal samples is not a measure of diffusion alone; it is affected both by diffusion through the membranes and also by unequal ventilation of the lung which gives a falsely high figure for the mean alveolar CO. For this reason low values are obtained in diseases in which the diffusion may or may not be reduced but in which the ventilation is very uneven, as in emphysema, and the results have been found to be of value in assessment of the prognosis of such patients (Bates et al., 1956) . But the measurement is not a measurement of diffusion alone and in such patients should not be expressed in the units ml. CO per minute per mm.Hg.
COMPARISON OF THE DCO AND DO2 RESULTS
We may decide, for technical reasons, to measure the Dco but we really want to know the diffusing capacity for 02 and it is of interest to see how these two measurements compare.
The Dco is a measure of the diffusion from the alveoli to the red cells and only half of this resistance to diffusion is in the m'embrane and the other half is due to the slow uptake by the red cells. In Table I the predicted values for DO2 are compared with the measurements parison with a predicted maximal DO2 of 60 and a DMO of 73 for a person of this size. At present we do not know the reason for these different results. One possible explanation is that the DO2 measures the diffusion only into those capillaries through which blood is flowing at the time that the measurements are made; the Dco will measure diffusion into any capillaries containing blood irrespective of whether the blood in them is flowing or stagnant. If only about half of the capillaries have a normal blood flow through them at rest this could explain the different results obtained by the two methods; on exercise the blood flows through more capillaries and the two values approach each other. To conclude, although the Dco does not give a direct measure of DO2 the technical advantages of measuring the Dco usually outweigh the disadvantages, particularly since, in practice, the two methods usually run in parallel and for clinical purposes reduction in diffusing capacity can be shown quite adequately by measurement of the Dco.
The single breath method of measurement of the Dco gives the same results as the other CO methods and as it is the easiest method to carry out it is the method of choice for measurements made at rest. Measurements made on exercise minimize the technical errors of the steady state methods but except for this reason I know of no advantage to be gained from measurement of the Dco on exercise. The result depends on the rate of exercise and the maximum value for Dco is reached only at fairly severe rates of exercise in normal people. Some factors controlling ventilation.-Before giving clinical examples of oligopnoea, their diagnosis and treatment, it is helpful to consider the factors controlling the normal "air output", or ventilation of the lungs. It is generally taught that this is chiefly regulated by the tension of carbon dioxide in the arterial blood. A rise of carbon dioxide tension stimulates the respiratory centre and leads to an increase in ventilation, while a fall in either oxygen tension or pH has a similar, though much less marked, effect. All this is undoubtedly true, but it is becoming apparent that nervous impulses from stretch receptors in the lungs play an equally, if not more, important role. Just as proprioceptive impulses from joints determine posture, reflexly in relation to muscle stretch, so these pulmonary stretch receptors regulate ventilation according to the degree of movement of the lungs. In disease, disturbance of reflexes from these receptors may become the primary mechanism which regulates ventilation, and this disturbance is readily accompanied by the sensation of "dyspncea".
The significance of stretch receptors can most easily be demonstrated by a very ingenious experiment designed by Fowler (1954) which was concerned with the breaking point of breath-holding. It was held that the limit to voluntary apnoea was the rise of carbon dioxide and fall in oxygen tension in the blood causing extreme stimulation of the respiratory centre, and a number of papers had been published which defined these arterial blood gastensions when the limit to breath-holding was reached. Fowler got a spirometer and filled it with an "air" mixture containing oxygen and carbon dioxide at the same tensions as these gases would be in the blood at the limit to breath-holding. He asked a subject to hold his
